Prospective memory (PM) refers to the ability to remember to carry out intended actions in the future (Einstein & McDaniel, 1996) . PM can be divided into three types depending on the form of the external cue, including time-(to execute the PM action at a particular time), event-(to execute the PM action when an agreed upon cue appears), and activity-based (to execute the PM action after the completion of an activity) (Kvavilashvili & Ellis, 1996) . PM plays a very important role in everyday life. However, compared with retrospective memory, people are more likely to experience deficits in PM (C.-M. Chan & Tsoi, 1984; Terry, 1988) , and this is especially so in schizophrenia patients (Henry, MacLeod, Phillips, & Crawford, 2004; Wang et al., 2009) .
The prefrontal cortex, especially the rostral prefrontal cortex (Brodmann Area 10 [BA10]), is considered the most important neural basis of PM (Burgess, Quayle, & Frith, 2001; . Neuroimaging studies of healthy participants (Burgess et al., 2001; Burgess, Scott, & Frith, 2003; Gilbert, 2011; Hashimoto, Umeda, & Kojima, 2011; Reynolds, West, & Braver, 2009; Simons, Schölvinck, Gilbert, Frith, & Burgess, 2006) , as well as patients with brain lesions (Burgess, Veitch, de Lacy Costello, & Shallice, 2000; Daum & Mayes, 2000; Gold, Carpenter, Randolph, Goldberg, & Weinberger, 1997; Volle, Gonen-Yaacovi, Costello, Gilbert, & Burgess, 2011) , demonstrate involvement in BA10 during PM task performance. Furthermore, the medial and lateral BA10 show functional dissociation during PM performance in that the medial BA10 is mainly associated with stimulus-dependent external information (PM cues), whereas the lateral BA10 is mainly associated with stimulus-independent internal information (PM intentions; Burgess et al., 2003) . Thus, BA10 functionally serves as an "attentional gate" by regulating attention between current task performance and future intentions Gilbert, Frith, & Burgess, 2005; Halahalli, John, Lukose, Jain, & Kutty, 2014; Simons et al., 2006) . BA10 has also been shown to play an important role in the storage and self-initiation of PM intentions (Gilbert, 2011; Gilbert, Gollwitzer, Cohen, Burgess, & Oettingen, 2009 ). However, other brain regions such as the anterior cingulate gyrus (ACG; Beck, Ruge, Walser, & Goschke, 2014; Hashimoto et al., 2011; Reynolds et al., 2009) , the precuneus (Burgess et al., 2003; Halahalli et al., 2014; Wang et al., 2014) , and the temporal lobe (Beck et al., 2014; Gilbert et al., 2009; Halahalli et al., 2014) have also been reported to be coactivated alongside BA10 during the performance of PM tasks Cona, Scarpazza, Sartori, Moscovitch, & Bisiacchi, 2015) .
Recently, researchers have also explored the functional connectivity that occurs during PM performance in nonclinical adult samples, suggesting that connectivity with the prefrontal cortex may be crucial to PM (Gilbert, 2011; Halahalli et al., 2014; McDaniel, LaMontagne, Beck, Scullin, & Braver, 2013) . For example, Gilbert (2011) demonstrated that the rostrolateral prefrontal cortex interacts with the putamen to maintain representations of future intentions, whereas McDaniel et al. (2013) found that the connectivity between the anterior prefrontal cortex and the precuneus supports the top-down sustained monitoring process. Moreover, Halahalli et al. (2014) found that PM shares some similar neural networks with working memory and mainly engages the fronto-parietal control network. Taken together, the extant research literature thus suggests that the prefrontal cortex, in particular BA10, is one of the most important brain regions mediating PM performance in healthy participant samples.
Schizophrenia is a serious mental disorder and several studies have shown that patients experience severe PM impairments (Elvevåg, Maylor, & Gilbert, 2003; Lui et al., 2011; Shum, Ungvari, Tang, & Leung, 2004; Wang et al., 2008; Wang et al., 2009; Woods, Twamley, Dawson, Narvaez, & Jeste, 2007) . It is considered that the PM deficits exhibited by schizophrenia patients are associated with brain abnormalities, however, no study to date has directly explored the neural mechanism(s) of PM impairments in schizophrenia. The research literature has shown that schizophrenia patients have significantly reduced brain volume in the medial temporal lobe and the superior temporal gyrus, as well as moderate volume reductions in the prefrontal cortex (Bora et al., 2011; Honea, Crow, Passingham, & Mackay, 2005; Ohtani et al., 2014) . Moreover, functional magnetic resonance imaging (fMRI) studies have identified abnormalities in the prefrontal cortex functioning of schizophrenia patients during their performance on tasks of working memory, attention, and executive function (Broome et al., 2009; Glahn et al., 2005; Minzenberg, Laird, Thelen, Carter, & Glahn, 2009; Rubia et al., 2001; Tan et al., 2006) . It is of further interest to note that all of these neurocognitive functions have also been found to be highly correlated with PM performance in behavioral studies (Twamley et al., 2008) . Therefore, given the involvement and importance of the prefrontal cortex and temporal lobes in intact PM function, the current study proposed that the PM impairments observed in schizophrenia may be related to abnormal brain activation in these areas.
The aim of the current study was to examine the neural mechanism(s) of PM impairments in schizophrenia. It was hypothesized that schizophrenia patients would show deficits in PM compared to healthy control participants. Furthermore, it was hypothesized that these PM deficits would be associated with reduced activation of the prefrontal cortex, in particular BA10, as well as other regions related to PM performance, such as the ACG and the temporal lobes.
Method Participants
Twenty-two schizophrenia patients were recruited from the Mental Health Center, Beibei District, Chongqing, China. They all met the diagnostic criteria for schizophrenia according to the DSM-IV (American Psychiatric Association, 1994), and diagnosis was made by psychiatrists using a structured clinical interview (First, Spitzer, Williams, & Gibbon, 1995) . Patients with a history of neurological illness, alcohol/drug dependence, or treatment with electroconvulsive therapy within the last three months were excluded from the study. Clinical symptoms were rated by clinicians using the Positive and Negative Syndrome Scale (PANSS; Kay, Fiszbein, & Opfer, 1987) . All patients were currently being treated with atypical antipsychotic medications (e.g., risperidone, quetiapine, aripiprazole), and potential side effects were evaluated using the Abnormal Involuntary Movements Scale (AIMS; Smith, Kucharski, Oswald, & Waterman, 1979 ) and the Barnes Akathisia Rating Scale (BARS; Barnes, 1989) .
Twenty-five healthy adult controls matched on demographic characteristics with the schizophrenia patients were also recruited This document is copyrighted by the American Psychological Association or one of its allied publishers.
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2 from the Beibei District, Chongqing, China. None had any personal or family history of psychiatric illness, neurological illness, or alcohol/drug dependence. All recruited participants were righthanded, and their IQs were estimated using the four-subtest short form (information, arithmetic, similarity, and digit span) of the Chinese version of the Wechsler Adult Intelligence Scale-Revised (Gong, 1992) . No significant difference in IQ was found between the healthy adult controls and schizophrenia patients. The demographic and clinical characteristics of the two groups are displayed in Table 1 . This study was approved by the ethics committees of the Institute of Psychology, Chinese Academy of Sciences and the Beibei Mental Health Center. Participants provided written informed consent after a brief introduction to the study and were provided with an opportunity to ask questions before the formal experiment commenced. They were paid 200 RMB (¥) for their participation.
Materials and Procedure
Design. An event-based PM paradigm, based on that reported by Wang et al. (2014) , was used for the experimental task. The experiment consisted of three trial runs, with each run consisting of 11 PM trials and 41 ongoing trials. The PM trials appeared randomly and there were three to five ongoing trials between the two adjacent PM trials. Neural activation evoked by the PM and ongoing trials was compared to examine the neural basis of PM.
Stimuli and task. The experimental stimuli were fourcharacter phrases presented in white at the center of the computer screen against a black background. For the ongoing task, participants were asked to judge whether each phrase was a Chinese idiom or not. If it was a Chinese idiom, participants were required to press the left button of a response box with their left thumb. Alternatively, if it was not a Chinese idiom, they were asked to press the right button on the response box with their right thumb. For the PM task, participants were asked to monitor whether there was an animal name (PM cue) in the phrase during the ongoing task. Participants were instructed to make a PM response by pressing both buttons of the response box together (there was a total of two buttons on the response box) if an animal name appeared in the four-character phrase.
Before participants entered the scanner, they were given instructions relating to the ongoing task only. In addition, they were provided with a block of 10 practice trials with feedback to familiarize themselves with the task. After participants entered the scanner, they were given the additional instructions relating to the PM task and were instructed to complete the three runs of the PM task without feedback. For each run of trials, there was a 12-s fixation before the task began and a 4-s fixation after each run of the trials. For each trial, there was an initial fixation of 500 ms, followed by 1,500 ms of stimulus presentation, and then a blank screen. The duration of the blank screen was jittered at 2 s, 4 s, or 6 s (see Figure 1 for trial flow). Participants were informed not to consume any drinks that may affect brain activations such as alcohol, coffee, coca-cola, or tea within 24 hr before the scanning.
Imaging Data Acquisition
Functional and structural MRI data were acquired (SIEMENS 3T-Trio A Tim, Erlangen, Germany) using a 32-channel head coil. Functional images were obtained using a T2-weighted single-shot gradient EPI sequence (TR: 2,000 ms, TE: 30 ms, flip angle: 90°, FOV: 220 mm, matrix: 64 ϫ 64, voxel size: 3.4 ϫ 3.4 ϫ 4 mm 3 ). Each volume included 32 axial slices in interleaved sequence along the AC-PC transverse orientation, 4-mm thickness with 0-mm gap. Each PM run lasted for 328 s (16-s fixation and 312-s task time) and contained 164 volumes. A magnetization-prepared rapid gradient-echo 3D MRI sequence was used to capture the T1-wighted anatomical MR images (192 slices, sagittal acquisition, TR: 2530ms, TE: 2.34ms, flip angle: 7°, FOV: 256 ϫ 256, matrix: 256 ϫ 256, voxel size: 1 ϫ 1 ϫ 1 mm 3 ). The T1 images were mainly used in the preprocessing of coregistration.
Image Data Analyses
Image data were preprocessed and analyzed using the Statistical Parametric Mapping software package (SPM8; Wellcome Depart- This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
3 NEURAL CORRELATES PROSPECTIVE MEMORY SCHIZOPHRENIA ment of Imaging Neuroscience, London, UK) implemented in MATLAB 2010a (Mathworks Inc., Sherborn, MA). There were two volumes prescanned before each scanning session. These prescans were not included in the analysis. Preprocessing of the data included the following steps: slice timing correction, motion correction, coregistration to the T1 image, normalization to the Montreal Neurological Institute (MNI) stereotactic space with a 3 ϫ 3 ϫ 3 mm resolution, and spatial smoothing with 8-mm FWHM Gaussian kernel. Participants were asked to keep their head as still as possible during the scanning. For the 22 schizophrenia patients, the head motion of 20 of them was within 2 mm and 2 degrees, while the head motion of two of them was within 3 mm and 3 degrees. For the 25 healthy controls, the head motion was within 2 mm and 2 degrees for all of them. The head motion parameters were used as regressors in the first level analysis. First level analyses were based on the General Linear Model (GLM). For each participant, the design matrix of GLM of each PM run consisted of 14 regressors including PM hit and miss trials, ongoing hit and miss trials, their time derivates, and six head motion parameters. Low-frequency noises were removed by the filter of 1/128 Hz high pass. Our results were based on correct trials, that is, the contrast between PM hit and ongoing hit trials.
For the second level analyses, a one-sample t test was conducted for every voxel to examine two contrasts (PM Ͼ ongoing and ongoing Ͼ PM) for the healthy controls and schizophrenia patients, to examine brain areas associated with PM performance. The schizophrenia patients and healthy controls were then compared on the contrasts of PM Ͼ ongoing and ongoing Ͼ PM using two sample t tests to examine differences in activation between the two groups. For the one-sample t tests of the healthy controls and schizophrenia patients, the statistical threshold of p Ͻ .005 with voxel-wise FWE correction was adopted. For the group difference analysis, the statistical threshold of p Ͻ .001 (uncorrected) with cluster size of 10 (Sripada et al., 2012; Tseng et al., 2015) was adopted.
Correlational analyses were conducted based on regions of interest (ROI), which were defined as the brain areas related to PM performance (mainly areas in prefrontal cortex, anterior cingulate gyrus and precunues) in the current study. The ROIs thus included (MNI coordinates from the current study) the right superior frontal gyrus (BA9/10), bilateral middle frontal gyrus (BA9, BA46), bilateral medial frontal gyrus (BA9), the cingulate gyrus (BA24), and bilateral precuneus (BA7). The ROIs were built as spheres with centers as peak coordinates of these clusters and a radius of 6 mm. The correlations between mean percent signal change in these ROIs and the accuracy of PM performance were then calculated for each group. We also analyzed the relationship between brain activation in these ROIs and clinical symptoms in the patient group.
Results

Behavioral Data
The accuracy for all participants (including both schizophrenia patients and healthy controls) ranged from .60 to 1 which indicated that they understood the instructions of the PM task. The behavioral results suggested that schizophrenia patients performed worse than healthy controls on the PM task. Schizophrenia patients (SCZ) had significantly lower accuracy (t ϭ Ϫ2.50, p ϭ .016, d ϭ Ϫ0.78, M SCZ ϭ .79, SD ϭ .16, M Healthy controls ϭ .90, SD ϭ .12) on the PM trials. For the ongoing task, schizophrenia patients showed significantly longer reaction time (RT) than healthy controls (t ϭ 4.73, p Ͻ .001, d ϭ 1.38, M SCZ ϭ 2022.72, SD ϭ 765.06, M Healthy controls ϭ 1144.29, SD ϭ 493.58). There was no significant difference between schizophrenia patients and the healthy controls for the accuracy of ongoing task (M SCZ ϭ .81, SD ϭ .07, M Healthy controls ϭ .81, SD ϭ .08). Correlational analyses showed that there were no significant associations between clinical symptoms and PM performance (ps Ͼ .05). Illustration of a trial of the prospective memory (PM) task. For the ongoing task, the participants were asked to judge whether each phrase was a Chinese idiom or not. During the ongoing task, participants were required to monitor whether there was an animal name (PM cue) in the phrase. If an animal name appeared in the phrase, they were required to press the two buttons together (PM task). In the example PM trial, the idiom means snowing heavily like the feather of goose. There is an animal name "goose," so the PM response is required. There was a 4-s response time allowance for each trial. This document is copyrighted by the American Psychological Association or one of its allied publishers.
fMRI Data
Results for the healthy controls. The results from the contrast of PM Ͼ ongoing revealed that the left middle frontal gyrus (BA46), the left medial frontal gyrus (BA9), bilateral inferior frontal gyrus (BA9, BA44), bilateral superior temporal gyrus (BA22, BA39), bilateral inferior parietal lobule (BA40), the right cingulate gyrus (BA24), the right precentral gyrus (BA4) and some subcortex regions like bilateral thalamus, the left parahippocampal gyrus and left putamen were activated (see Table 2 and Figure 2) . For the contrast of ongoing Ͼ PM, only the right caudate tail was activated.
Results for the schizophrenia patients. The results from the contrast of PM Ͼ ongoing showed that the left inferior parietal lobule (BA40), the left cingulate gyrus (BA24, BA31), bilateral postcentral gyrus (BA40, BA3), bilateral precuneus (BA7, BA31), the left medial frontal gyrus (BA6), the left inferior frontal gyrus (BA9), and the left thalamus were activated (see Table 3 and Figure 3 ). For the contrast of ongoing Ͼ PM, no brain areas were significantly activated.
Comparison between schizophrenia patients and healthy controls. Group comparisons showed that schizophrenia patients were hypo-activated in the right superior frontal gyrus (BA9/10, BA6), bilateral middle frontal gyrus (BA9, BA6), the right medial frontal gyrus (BA9), bilateral inferior frontal gyrus (BA47, BA45), the right anterior cingulate gyrus (BA24), the left superior temporal gyrus (BA22), the right superior parietal lobule (BA7), bilateral inferior parietal lobule(BA40), the left precuneus (BA7), bilateral putamen, the right parahippocampal gyrus (BA35), the left paracentral lobule (BA6), left caudate, and some brain regions related with words perception like fusiform gyrus and lingual gyrus than healthy controls for the PM minus ongoing contrast. Schizophrenia patients did not show any hyper-activations compared with healthy controls (see Table 4 and Figure 4 ).
Correlation Analyses
We calculated the correlations between PM accuracy and the mean percent signal change in the ROIs we selected in the schizophrenia patients and healthy controls separately. Results showed that for the healthy controls, their PM accuracy was significantly This document is copyrighted by the American Psychological Association or one of its allied publishers. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly. 
Discussion
To our knowledge, this is the first neuroimaging study that has examined the neural mechanisms of PM impairments in schizophrenia patients. Behavioral results suggested that the schizophrenia patients indeed suffered from PM impairments. The imaging results of the healthy controls are consistent with those reported in previous studies (Burgess et al., 2001; Burgess et al., 2003; Gilbert, 2011; Hashimoto et al., 2011; Okuda et al., 2007; Reynolds et al., 2009) , that is, the prefrontal cortex was involved in PM performance. The comparisons between schizophrenia patients and healthy controls indicated that the behavioral PM deficits in schizophrenia patients were associated with decreased activation in frontal lobe areas (bilateral superior frontal gyrus [BA9/10, BA6], bilateral middle frontal gyrus [BA9, BA6], bilateral inferior frontal gyrus [BA47, BA45], the right medial frontal gyrus [BA9]), and other related regions like the right anterior cingulate gyrus (BA24), the brain areas in parietal and temporal cortex including precuneus, and some subcortical areas like parahippocampal gyrus (BA35) and putamen.
Schizophrenia patients were found to have worse PM performance than healthy controls. This result is consistent with those reported in previous behavioral studies (Chang et al., 2014; Shum et al., 2004; Wang et al., 2009 ). The percentage of PM trials (20%) in the present study was higher than that (about 5%) of a typical behavioral study, to ensure that sufficient PM trials were included for fMRI data acquisition. Despite this, schizophrenia patients were still found to show significantly poorer performance on the PM task than the healthy controls.
The imaging results for the healthy controls are consistent with those reported in previous studies in that the event-based PM task activated prefrontal cortex regions (Burgess et al., 2001; Burgess et al., 2011; Burgess et al., 2003) . The prefrontal cortex is one of the most widely reported brain areas associated with PM performance, and it serves a cognitive-control function by switching between the ongoing (stimulus-dependent/external) and PM (stimulus-independent/internal) tasks and cognitive resource allocations, according to the gateway hypothesis (Burgess, Dumontheil, & Gilbert, 2007; Gilbert, 2011; Reynolds et al., 2009; Simons et al., 2006) . Apart from the prefrontal cortex, other brain areas such as the superior temporal gyrus, the anterior cingulate gyrus, the thalamus, and the precuneus were also reported in previous studies This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
6 (Burgess et al., 2001; Simons et al., 2006) , and play subsidiary roles in PM task performance. These results corroborate the utility and validity of our paradigm in assessing various processes involved in PM. The PM task has infrequent PM trials, thus it has similarity to oddball task. It might be argued that the brain activations of PM were confounded by attention to infrequent target stimuli. However, PM can be distinguished from attention by physiological responses. For example, West (2011) reviewed the event-related potential studies of PM and compared the waveforms between PM and oddball task, and suggested the N3 elicited by PM cues and the N2 elicited by oddball targets reflected different processes and the sustained positivity evoked by PM was also distinct from the P3b in oddball task. Furthermore, Czernochowski, Horn, and Bayen (2012) studied the effect of PM cue frequency on PM process and suggested that the general prospective retrieval mode was independent of PM cue frequency. So we argue that our results of brain activations related to PM were not confounded by attention to infrequent target stimuli. For the schizophrenia patients, large areas in the parietal cortex and few in the prefrontal cortex were activated when performing PM task. Compared with healthy controls, the schizophrenia patients showed reduced activation in frontal regions including right BA10 (superior frontal gyrus). As mentioned previously, the lateral prefrontal cortex plays a very important role in PM because of its dynamic mediation of attentional focus to the PM (internal) and ongoing (external) task. A recent neuroimaging study involving healthy participants has suggested that working memory and PM share similar brain activation patterns in the lateral prefrontal cortex, which mainly serves as executive and attention control (Halahalli et al., 2014) . For schizophrenia patients, results from behavioral studies suggest that their PM impairments are associated with several other cognitive functions, including attention, working memory, processing speed, and learning (Twamley et al., 2008) . In line with this, studies have shown that abnormal activation in the dorsolateral frontal cortex is associated with working memory impairments in schizophrenia (Barch et al., 2001; Perlstein, Carter, Noll, & Cohen, 2001; Tan et al., 2006) . Other studies have also reported volume reduction in bilateral middle frontal gyrus in schizophrenia (Ohtani et al., 2014) , and that volume reduction in the left inferior frontal gyrus is related to poorer performance on a cognitive switching task (Ohtani et al., 2014) . The deactivations of the lateral prefrontal cortex, in particular BA10, may therefore underlie schizophrenia patients' problems in attention control when performing PM task.
Together with the prefrontal cortex, the anterior cingulate gyrus (BA24 or ACG) is another important brain region for cognition. When healthy participants perform PM tasks, the main function of the ACG is to monitor the environment and strategically control cognitive resources in order to adjust behaviors according to demands Hashimoto et al., 2011) . To some This document is copyrighted by the American Psychological Association or one of its allied publishers. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
7 extent, the ACG works together with the prefrontal cortex to control and allocate attention resources. This is evidenced by the observation that reduced activations in the right ACG could be attributed to motor attention and response selection impairments during some other executive "frontal" tasks such as working memory, go-nogo tasks, and stop signal task in schizophrenic patients (Henseler, Falkai, & Gruber, 2009; Rubia et al., 2001) . Furthermore, schizophrenia patients have also been shown to suffer from an increased latency in stimulus encoding which is crucial for working memory (Neufeld, 2007) . A neuroimaging study has also reported reduced activation in the frontal and anterior cingulate regions during stimulus encoding compared with baseline condition in a working memory task (Schlösser et al., 2008) . For PM, the encoding of PM cues and intentions are necessary and it may be helpful for cue detection and intention retrieval. Taken together, the hypo-activation of bilateral middle frontal gyrus and the right ACG may be the main reasons for PM deficits in schizophrenia patients. As a result, these patients may have difficulties in shifting attention between the ongoing and PM tasks, and in intention encoding. Moreover, we found significant positive correlations between PM performance and percent signal change in ACG in the healthy controls, whereas no such correlations were found in the schizophrenia patients. These also suggested the important role of ACG in PM performance and the schizophrenia patients suffered some deficits. Some regions in the temporal and parietal lobes which are related to memory functioning, also showed deactivations in schizophrenia patients, including the parahippocampal gyrus and the precuneus. The parahippocampal gyrus plays a role in memory encoding and maintenance. Schizophrenia patients suffer from serious memory problems and they have been shown to have volume reductions in the parahippocampal gyrus (R. C. K. Chan, Di, McAlonan, & Gong, 2011; Hu et al., 2013) . The left precuneus, together with right prefrontal cortex, are associated with episodic retrieval (Shallice et al., 1994; Tulving et al., 1994) . In PM processing, fMRI studies in nonclinical groups have shown that the precuneus is involved in encoding and maintenance (Burgess et al., 2001; Burgess et al., 2011; Okuda, Gilbert, Burgess, Frith, & Simons, 2011; Wang et al., 2014) . Findings from the literature suggest that schizophrenia patients are slow in recognizing the conditions (PM cue detection) for PM execution (Kondel, 2002) . Furthermore, Twamley et al. (2008) suggested that PM deficits in schizophrenia are related to inefficient high-level encoding of cues, intentions, or the links between them. Therefore, the hypoactivations in the precuneus and the parahippocampal gyrus, together with reduced activation of the right middle frontal gyrus, in schizophrenia patients may suggest problems in the retrieval of PM cues or intentions.
The reduced activation of the putamen in schizophrenia patients may be associated with problems of motivation in PM performance. In Beck et al.'s (2014) study, it was suggested that PM cues probably gain motivational salience due to their relevance to the task goals. In our PM task, to ensure enough PM trials for imaging data analysis, we included a larger percentage of PM trials (about 20%) compared to a typical PM behavioral experiment (about 5%). Such high frequency of PM cues might have increased the participants' expectation of the next PM cue. Therefore, PM cues in our PM task might have increased motivational salience. The aberrant activation of the putamen may also be associated with poor working memory performance in schizophrenia patients (Quidé, Morris, Shepherd, Rowland, & Green, 2013) . The coactivation of the putamen with the prefrontal cortex has been found to be related to the maintenance of representations of future intentions (Gilbert, 2011) . Together, the deactivation of the putamen in schizophrenia patients probably indicated problems in motivation and maintenance of future intentions which may in turn lead to PM deficits. This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
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Moreover, some correlations were found between brain activations and clinical symptoms. The activation of ACG was negatively correlated with the positive symptoms in schizophrenia patients. This suggested that the more serious positive symptoms in schizophrenia patients, the less activations in the ACG. This is consistent with previous studies about the correlation between the positive symptoms and ACG abnormalities (Assaf et al., 2006; Choi et al., 2005; Garrity et al., 2007) . The negative and general psychopathology symptoms did not show significant correlations with the PM performances or brain activations in the schizophrenia patients. There are two possible reasons for this. First, the schizophrenia patients in our experiments were in relatively good health, and did not show very severe symptoms. Second, the range of their PM performances was not large, and the number of participants was small in each group.
To summarize, in this study, schizophrenia patients showed abnormal brain activation patterns while performing a PM task. The deactivations in the prefrontal (the superior frontal gyrus [BA10]) and other regions indicated that these patients' PM deficits are likely to be due to impairments in attention control and allocations, future intention encoding and maintenance, as well as motivations. Importantly, these areas do not work independently. Rather, there are neural networks that link them and enable them to work together. Interestingly, the main hypo-activated brain regions in the present study (the middle frontal gyrus, the anterior cingulate gyrus, inferior parietal lobule, the precuneus, and the putamen) are involved in the fronto-parietal network (Dosenbach et al., 2007; Gilbert, 2011; Seeley et al., 2007) and the cinguloopercular network (CON; Dosenbach et al., 2007; Seeley et al., 2007) . A resting state study has reported the disconnections of these control networks in schizophrenia patients (Tu, Hsieh, Li, Bai, & Su, 2012) , and such abnormality of prefrontal cortical related connectivity activation during cognitive tasks has also been widely reported in schizophrenia patients (Broome et al., 2009; Glahn et al., 2005; Halahalli et al., 2014; Quidé et al., 2013) . Recently, Cona et al. reviewed the neural imaging studies on PM and proposed the Attention to Delayed Intention model and suggested the important roles of the frontal-parietal network in PM process (Cona et al., 2015) . The dorsal frontal-parietal network (mainly includes dorsal PFC, superior parietal lobule and precuneus) is mainly involved in the top-down control process to do the attentional allocation and monitoring. While the ventral frontalparietal network (mainly includes ventral PFC, inferior parietal lobule, and supramarginal gyrus) is mainly involved in the bottom-up process by detecting the external PM cues and the internal intention retrieval process (Cona et al., 2015) . From our results, the deactivations of frontal cortex included the dorsal areas like middle frontal gyrus. And for the parietal cortex, the deactivations included both the dorsal and ventral areas. Although the current study did not focus on the functional connectivity during PM performance, our results may indicate potential functional connectivity deficits in schizophrenia patients when performing PM tasks. Future studies are needed to explore this issue further.
Limitations and Future Directions
There are several limitations to the current study. First, we only focused on event-based PM in schizophrenia patients, but these patients have also been found to suffer from time-based PM deficits (Shum et al., 2004; Wang et al., 2010; Wang et al., 2008) . In addition, previous neuroimaging studies also suggest that timeand event-based PM have different neural mechanisms Okuda et al., 2007) . Future studies should also, therefore, include time-based task to explore the underlying neural mechanisms for PM deficits in schizophrenia patients. Second, the illness duration of the patients varied from 2 to 20 years and the brains of schizophrenia patients have been found to change with their development of the illness (Mathalon, Sullivan, Lim, & Pfefferbaum, 2001; van Haren et al., 2008) . Although all the patients were able to understand and undertake the event-based PM task, patients with different illness durations may show different brain activation patterns when performing the PM task. To address this issue, future studies should recruit a more homogeneous group of patients. Third, results from previous studies as well as those reported in the current study suggest a potential functional disconnectivity in schizophrenia patients especially in the executive control network. Future studies should further investigate functional connectivity impairment during PM performance in schizophrenia patients.
Conclusions
The current study demonstrated that PM impairments in schizophrenia are associated with changes in activation in a number of brain regions. The neuroimaging data indicated aberrant brain activities that include the prefrontal lobe, the lateral frontal cortex, the cingulate regions, the precuneus and the putamen in schizophrenia patients. These results suggest that PM deficits in these patients are likely to be mediated by neurocognitive processes such as attentional control, intention encoding, and maintenance, as well as motivation during PM task performance.
